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Neutrino telescopes are very important
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• Solar nu, Nobel prize 2002, 2015, and more 
to study

• Supernova nu, Nobel prize 2002, and more 
to study

• Atmospheric nu, Nobel prize 2015, and 
more to study

• All above have been used to test new 
physics

MeV—GeV neutrino telescopes TeV—PeV neutrino telescopes

• Astrophysics:

• Origin of high-energy cosmic rays 
(> 100-year problem)

• Gamma ray sources, hadronic vs leptonic
(~long-term problem)

• Particle physics:

• Standard model  (Glashow resonance, W-
boson production)

• Beyond SM  (DM, nu properties, etc.)
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Very important to study new event classes
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μ track Shower (e or hadron)

Double shower/bang (τ)

• We are having more and more TeV—PeV 
neutrino detectors

• IceCube, KM3NeT, BaiKal-GVD, 
P-ONE, IceCube-Gen2, …

• New event classes are needed to get more 
physics from the data
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Very important to study new event classes: Dimuon
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μ track Shower (e or hadron)

Double shower/bang (τ)

• We are having more and more TeV—PeV 
neutrino detectors

• IceCube, KM3NeT, BaiKal-GVD, 
P-ONE, IceCube-Gen2, …

• New event classes are needed to get more 
physics from the dataDouble muons

(Dimuon)
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What is dimuon (double muon)
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(BZ, Beacom, 2110.02974)

• Coincident single muons
• background for dimuon,
• negligible for most cases

• Standard model dimuon
• Interesting, focus of our work

• BSM dimuon
• E.g., double staus from SUSY models
• More to be studied in this direction



Bei Zhou (JHU) Brookhaven Forum 2021 (Nov 04, 2021) 6

How could one neutrino produce two muons
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Deep inelastic scattering
(DIS)

(On-shell) W-boson production
(WBP)

(BZ, Beacom, 1910.08090, 1910.10720)
DIS is the dominate channel for 
detecting high-energy neutrinos.

Detected at tens—hundreds GeV, 
never above a TeV.

Important for QCD studies. 

WBP is the 2nd most important channel for 
detecting high-energy neutrinos, 

but never identified yet.

First hypothesized/calculated in 1960…
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How to detect dimuons in TeV--PeV neutrino telescopes
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Inside a HE neutrino detector

Angular threshold:

Energy Threshold:

100 GeV for IceCube
300 GeV for IceCube-Gen2(BZ, Beacom, 2110.02974)

Spacing between 
adjacent DOMs

μ1-μ2 
separation 
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Dimuon rates in IceCube and IceCube-Gen2
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Skipping all the calculational details 
(see 2110.02974)…

Our predicted number of dimuons

(Note IceCube has run for > 10 years)
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Physics potential: measuring the strange-quark PDF
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(BZ, Beacom, 2110.02974)

(Note this measurement can be done with current IceCube data)
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Physics potential: first detection of WBP

⌫µ µ�

W+

N

s c D
µ+

⌫µ

X

Signal: W-boson production (WBP)

Background: deep inelastic scattering (DIS)

A’: No shower

X: Mostly shower

WBP: 6
DIS: 680
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with showerless starting dimuons

(BZ, Beacom, 2110.02974)
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<latexit sha1_base64="YXDqF2JI72S/s4bB7gHJsc8IsJU="></latexit>Eshower < f ⇥�Eµµ(L)

L = 300 m >~ spatial resolution
f  ~ energy resolution

Shower energy threshold

f	=	1.0 f	=	0.3

WBP: 6
DIS: 4.5

WBP: 6
DIS: 0.1
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(BZ, Beacom, 2110.02974)

Physics potential: first detection of WBP
with showerless starting dimuons
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Observation part: found 19 dimuon candidates

12



Bei Zhou (JHU) Brookhaven Forum 2021 (Nov 04, 2021)

Dataset and analysis
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• Ten years of public IceCube data
(1,134,450 muon events; 2008--2018)

• Data obtained after multiple strong cuts
optimized for point-source search, not
dimuon search.

• We analyze the data by looking for muon
pairs arriving close in time and direction

(BZ, Beacom, 2110.02974)

List of the 19 dimuon candidates we found
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Agree with our prediction: energy & angular distribution
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Agree with our prediction: sky distribution
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Then, why they may not be dimuons…

• DAQ system of IceCube

• Saves all the data within 10 
microseconds as one event.

• However, we don’t know if their 
algorithm identified the two muons in 
one event and reported them in the 
dataset.

• Afterpulsing of photomultiplier tubes

• A photomultiplier triggers itself it shortly 
after being triggered

• However, this is unlikely because 
afterpulsing
• is random, hard to be fit as a muon
• is much less energetic.

Concerns Alternative explanation(s)
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Possible outcomes of the candidates

• The 19 dimuon candidates are found to be real

• Then this will be the first detection of dimuons in a neutrino telescope or in any 
experiments above a TeV

• Some or all of them turn out to be something else

• The candidates may be some unknown background (or signal!, new physics?)

• In any case, all the theoretical part in the previous slides are not affected

• A dimuon-optimized search in IceCube data should find much more dimuons than 19
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Conclusion
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• We studied dimuons as a new event class for high-energy neutrino telescopes

• IceCube has ≃400 events and IceCube-Gen2 will detect ≃1200 in 10 years

• Significant physic potentials, including but not limited to
• Measuring strange quark PDF
• Enabling the first detection of W-boson production
• Better energy measurements
• Background of new physics signatures

• We analyzed the limited IceCube public data and found 19 dimuon candidates
• Could be first detection of dimuons in a neutrino telescopes or in any experiments above a TeV 

or could be some unknown background (or new signal!).
• No matter what they turn out to be, it doesn’t affect our theoretical studies above

• Dimuon may be a new direction for high-energy neutrinos
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Thanks for your attention!

19
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Glashow resonance  vs.  W-boson production

Glashow resonance W-boson production

Process �̅�! + 𝑒" → 𝑊" 𝜈# + 𝐴 → 𝑥" +𝑊$ + 𝐴%
�̅�& + 𝐴 → 𝑥$ +𝑊" + 𝐴%

Neutrino energy Eν ≃ 6.3 PeV Eν > ~10 TeV
First predicted by Sheldon L. Glashow T. D. Lee & C. N. Yang
First predicted in 1960 (Phys. Rev.) 1960 (PRL)
First “Detected” in March 2021, IceCube (2.3σ; Nature)

WBP could produce ~10 times more W bosons in neutrino telescopes
(BZ, Beacom, 1910.10720, PRD)


